The electrothermal vaporization (ETV) method is known to be one of the most useful sample-introduction techniques for inductively coupled plasma atomic emission spectrometry. Since Nixon et al. 1 developed a tantalum filament vaporization system, numerous applications concerning ETV have been reported. On the other hand, a heated quartz cell (HQC) is an attractive atomizer for atomic absorption spectrometry (AAS) in regard to high sensitivity, due to its long optical path in addition to atomization without the use of a chemical flame. However, the temperature of around 1000˚C is too low to atomize elements, except for some limited chemical species such as organometals and volatile hydrides. As for low boiling point metal elements, the analytes can be easily vaporized and effectively introduced into HQC and their atomic absorption can be measured.
We observed that thallium vapor absorbed the atomic radiation from a thallium hollow cathode lamp while passing through a quartz cell heated up to more than 700˚C. Based on this finding, thallium was vaporized from a tungsten boat furnace (TBF) and introduced into an HQC to be detected with an atomic absorption spectrometer.
The technique was successfully applied to the analysis of some raticides. 2 Furthermore, the TBF equipped with an exchangeable sample cuvette was very favorable for thermochemical reactions from the points of easy handling, no memory effect and also maintaining stable furnace conditions. By taking advantage of these characteristics, solid-phase organometal generation with Grignard reagents in a sample cuvette placed on the TBF was developed for the determination of lead 3 and cobalt 4 by HQC-AAS.
The aim of this paper is to demonstrate that such solid-phase organometal generation is applicable to the determination of iron and tin in practical samples treated with wet digestion.
Several methods have been developed for the determination of inorganic tin(IV) and ionic organotin species, involving alkylation with Grignard reagents 5, 6 or sodium tetraethylborate 7 followed by GC-atomic absorption (AA) detection. Among them, a typical detection limit for tin species was estimated to be 20 ng tin in absolute amount by a procedure 5 in which various methyltin and tin(IV) species were extracted into benzene containing tropolone, followed by butylation in the extract to the tetraalkyltin forms. However, there has been no previous paper concerning tin determination by HQC-AAS combined with the solid-phase formation of alkyltin on TBF and its vaporization.
With respect to the hydride generation (HG) method, HGcollection-graphite furnace AAS was investigated concerning the behavior of some elements and organoelements, including tin(IV) and alkyltins, in which trimethyltin and monobutyltin were outside the scope of simultaneous multi-species trapping and quantification. The best characteristic masses (integrated absorbance base) for tin species were 104 -153 pg. 8 On the other hand, no report has appeared for iron concerning the determination as alkyl-substituted forms, probably because of their labile property.
Experimental

Apparatus
A Nippon Jarrell-Ash two-channel atomic absorption spectrophotometer (Model AA-8200; Uji, Japan) equipped with a Nippon Jarrell-Ash HQC atomizer (Model HYD-20), a Hamamatsu Photonics iron or tin hollow-cathode lamp (Model L233-26NQ or L233-50NQ; Toyooka, Japan), a Hamamatsu Photonics deuterium arc lamp (Model L544-20) and a Tokyo Rikakikai three-channel strip chart recorder (Model U-381; Tokyo, Japan) was used. A Seiko Instruments metal furnace atomizer (Model SAS-705V; Chiba, Japan) for AAS equipped with a tungsten boat (large volume type, 10 mm × 60 mm) was used after a modification. The instrumentation is schematically shown in Fig. 1 .
The TBF organometal generator was previously described in detail. 3 
Reagents
Iron(III) and tin(II) standard stock solutions for AAS (both 1000 mg dm -3 ; Kanto Chemical, Tokyo, Japan) were diluted with 0.2 mol dm -3 hydrochloric acid and 3 mol dm -3 hydrochloric acid, respectively, as required. A commercially available 0.9 mol dm -3 butylmagnesium chloride solution in tetrahydrofuran (THF) (Kanto Chemical) was used after dilution with a dehydrated-grade THF (Kanto Chemical), as required. All other chemicals were of AA grade (Tama Chemicals, Tokyo, Japan). 
Recommended operating procedure
A 100-mm 3 aliquot of each aqueous sample solution containing less than 100 ng of iron or tin was pipetted into each sample cuvette. For drying, these cuvettes, each with a saucer, were placed for several minutes on a hot plate heated at approximately 150˚C. Then, after one of the cuvettes was superposed on the TBF, a 10-mm 3 aliquot of 0.4 mol dm -3 (for iron) or 0.2 mol dm -3 (for tin) butylmagnesium chloride in THF solution was added to it through an insertion port. After the cuvette had been heated at 150˚C for 20 s to expel the solvent completely, the port was closed by a silicone rubber stopper. The temperature of the cuvette was then elevated up to 1050˚C and kept there for 10 s. A momentary cloud of an analyte vapor containing butylated species was generated and immediately transported through a PTFE tube by a carrier gas (argon and hydrogen gas mixture of which flow rates were 600 and 150 cm 3 min -1 , respectively) stream into the HQC heated at 1200˚C. The background-corrected transient AA signal profile at 248.0 nm (Fe I) or 224.6 nm (Sn I) was recorded and the absorbance was measured.
Digestion of practical samples
In order to obtain complete dissolution of an oil sample, repeated treatment by wet digestion with a mixture of nitric acid and hydrogen peroxide in a PTFE beaker was necessary. Regarding biological samples, a mixture of nitric acid and hydrogen peroxide solution was also used for digestion. As for a steel sample, complete digestion was performed first with hydrochloric acid and then with a small portion of hydrofluoric acid. Each digest was gently heated to remove any excess acids. After cooling to room temperature, each content was transferred to a volumetric flask and diluted with 3 mol dm -3 hydrochloric acid.
Results and Discussion
Optimization of the operating conditions
Regarding the drying process of both the aqueous sample and the Grignard reagent solutions, in previous work, 3, 4 it had taken for 1 h or more to remove solvents under a reduced pressure with a desiccator. In this experiment, the aqueous sample was dried within several minutes by placing a cuvette containing the sample solution on a hot plate heated at 150˚C. According to this procedure, repeated sample injections could be easily applied to obtain a lower detection limit. Into a cuvette previously placed on the TBF, the Grignard reagent solution was injected. The temperature was then ramped up and maintained at 150˚C for 20 s. During that time, the injection port was kept open to expel THF, the solvent of the Grignard reagent.
The effect of the added amount of butylmagnesium chloride was examined in the 0 -1.2 mg range. As a result, the maximum absorbance was obtained when more than 0.35 mg for iron or 0.22 mg for tin was added, whilst no AA signal was observed without adding butylmagnesium chloride, as expected. Therefore, the absorption was definitely due to iron or tin derived from respective butylated species, presumably tributyliron or tetrabutyltin. In this investigation, 10 mm 3 of 0.4 mol dm -3 (for iron) or 0.2 mol dm -3 (for tin) butylmagnesium chloride solution, representing 0.47 mg or 0.22 mg of the reagent, respectively, was applied for a batch.
An evident difference was observed between the presence and absence of hydrogen gas in the carrier argon. For iron determination, in the case that 10 -25% of hydrogen gas was admitted to the carrier argon gas, the sensitivity was 5-times enhanced relative to that without hydrogen gas. As for tin, the sensitivity enhancement was 15-times by 15 -55% hydrogen mixing. The sensitivity enhancement by hydrogen gas was probably due to a suppressive effect on the oxide formation in a reductive atmosphere. The absorptions of iron and tin appeared when the vaporization temperatures were elevated to higher than 900˚C for iron and 750˚C for tin. The optimal vaporization temperatures were in the range of 1000 -1150˚C for iron and 950 -1300˚C for tin, respectively.
Analytical performance
The limits of detection based on 3σ of the background noise signal were 0.8 ng for iron and 1.2 ng for tin in absolute amounts, which correspond to 8 ng cm -3 and 12 ng cm respectively, when a sample injection volume of 100 mm 3 was taken. With a larger sample volume, a proportionally lower detection limit could be attained. For this purpose, repeated sample injections would be effective. The relative standard deviations for 5 replicate measurements of 20 ng iron and 10 ng tin were 3.6% and 2.3%, respectively. The calibration graphs of iron and tin were both linear up to at least 100 ng.
Application to practical samples
The present method was applied to the analyses of several Standard Reference Materials [NIST SRM 1085a Wear-Metals in Lubricating Oil, NIST SRM 1573a Tomato Leaves, NIST SRM 1577a Bovine Liver and NIST SRM 363 Cr-V Steel (Modified)] from the National Institute of Standards and Technology, U. S. Department of Commerce. Sample solutions were prepared according to a procedure described in the experimental section. As Tables 1 and 2 show, the results were comparable with their certified values. Therefore, the proposed method can be effectively applied to the determination of iron and tin in such practical samples.
In conclusion, essentially no interference was observed for the determination of iron and tin in practical samples, since the analytes were converted to alkylated species and separated from matrices to be introduced into the AA spectrometer. Therefore, the proposed method could be applied to the determination of both elements, even in complex matrices. Moreover, the method required only several hundred microliters of sample solution for the determination at nanogram levels.
Further work will focus on the behavior of organoelement species with a solid-phase pretreatment. 
